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Abstract 
Optimal siting of wind turbines is one of the key issues in the field of clean and sustainable energy 

production, attracting the attention of engineers and researchers aiming to improve their performance 

and efficiency. In this regard, the use of metaheuristic algorithms has been proposed as powerful and 

effective methods for the optimal placement of wind turbines. In this study, we investigate and 

optimize the siting of wind turbines using the Grey Wolf Optimization (GWO) algorithm. The main 

goal of this research is to increase the efficiency of energy production and reduce inter-turbine 

interference by selecting optimal installation locations. Initially, the turbines were assumed to be 

positioned regularly and at equal distances. Then, using the Grey Wolf Optimization algorithm, the 

optimal siting of turbines was performed based on two main criteria: maximizing the produced energy 

and minimizing interference between turbines. Google Colab was used for simulating and executing 

the algorithm. The results of the algorithm's implementation showed that the Grey Wolf Optimization 

algorithm was able to effectively identify the optimal turbine locations. Analysis of the results 

indicated that with an increase in the number of iterations, the amount of produced energy significantly 

increased, while interference between turbines was minimized. This demonstrates the efficiency and 

effectiveness of the Grey Wolf Optimization algorithm in solving the problem of optimal siting of wind 

turbines. In general, it can be concluded that using the Grey Wolf Optimization algorithm for optimal 

wind turbine siting is a suitable and efficient approach that can contribute to improved energy 

efficiency and reduced interference. These results can pave the way for further studies and research in 

the application of optimization methods in the field of renewable energy. 
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Introduction 
Optimal siting of wind turbines, as one of the most important topics in the field of renewable 

energy, has attracted the attention of many researchers and industry professionals. Given the 

growing demand for clean energy and the depletion of fossil fuel resources, utilizing wind 

energy as one of the main sources of renewable energy has gained special importance. 

Selecting a suitable location for installing wind turbines plays a significant role in increasing 

energy production and reducing the costs associated with installation and maintenance. 

Various methods have been proposed for wind turbine siting, including analytical, numerical, 

and artificial intelligence-based approaches. However, many of these methods have failed to 

achieve optimal and acceptable results due to environmental complexities and inter-turbine 

interferences. In addition, insufficient attention to critical criteria such as interference 

between turbines and energy production in these methods has led to reduced efficiency and 

performance of wind systems. In this chapter, a novel and efficient method for optimal wind 

turbine siting is presented, which, through the combination of artificial intelligence and 

optimization algorithms, aims to maximize energy production and minimize inter-turbine 

interference. This method utilizes environmental data and real-world information to find the 

best possible locations for installing turbines, thereby improving the efficiency of wind 

systems. In general, the main innovation of this research is the use of the Grey Wolf 

Optimization (GWO) algorithm for optimizing wind turbine siting. The use of the GWO 

algorithm in this context, due to its unique features in exploring the solution space and 

finding both local and global optima, can offer better results compared to traditional 

methods. This algorithm, inspired by the hunting behavior of grey wolves, has a strong 

ability to converge toward optimal solutions and can provide a suitable combination of 

maximum energy production and reduced interference between turbines. This leads to more 

efficient turbine placement in the area and overall improved system performance. 
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Steps of the Proposed Method 

As stated earlier, the main innovation in this study is the 

application of the Grey Wolf Optimization algorithm for 

optimizing the siting of wind turbines. This algorithm, 

inspired by the hunting behavior of grey wolves, is used for 

the first time in this research for wind turbine siting 

optimization. The use of the Grey Wolf Optimization 

algorithm in the wind energy domain, due to its simple 

structure and high efficiency in finding local and global 

optima, makes it a suitable choice for this complex problem. 

Metaheuristic algorithms such as Grey Wolf Optimization, 

due to their broad search capability in the solution space and 

their ability to avoid being trapped in local optima, can 

significantly improve optimization results. This research 

was conducted with the aim of combining two main 

objectives: maximizing energy production and minimizing 

interference between turbines. These objectives, which are 

typically in conflict with each other, have been optimally 

balanced using the Grey Wolf Optimization algorithm. By 

adopting a multi-objective approach, the GWO algorithm 

has created an optimal balance between conflicting goals 

and achieved results that are difficult to obtain using 

traditional methods. The turbines were initially deployed in 

a manner that evenly covered the entire area. This 

initialization contributed to improving the algorithm's 

performance in subsequent optimization steps. 

 

Objective Function of the Algorithm: The objective 

function in this problem includes two main criteria: 

interference and generated energy. The following provides 

an explanation of each of these criteria: 

 

1: Interference 
Interference between turbines is considered as one of the 

criteria, and it is defined as follows: 

 

 
 

In this formula 

 N is the total number of turbines. 

 distance₍ᵢⱼ₎ is the distance between the ith and jth 

turbine. 

 Min_distance is the minimum desired distance to avoid 

interference (here it is assumed that the minimum 

distance is 10 units). 
 

Interference is calculated based on the distance between 

each pair of turbines when the distance between them is less 

than the minimum distance. The amount of interference 

increases. As a result, the goal of this part of the objective 

function is to choose the distance between each pair of 

turbines in a way that minimizes the total interference. 

 

2: Generated Energy 
The energy generated by the turbines is calculated based on 

the wind speed and the locations of the turbines. The 

generated energy is defined as follows: 

 

 
 

In this formula 

 N: Number of turbines. 

 P: Air density (assumed to be constant here). 

 A: Wind capture area of turbine blades. 

 Vi is the wind speed for the ith turbine. 
 

The purpose of calculating the generated energy is to 

compute the maximum amount of energy generated by the 

turbines placed in optimal locations. Wind speed may vary 

at different points; therefore, turbines located in areas with 

higher wind speeds generate more energy. The main 

objective of the objective function in this algorithm is to 

optimize the placement of turbines in such a way that the 

interference between them is minimized while the generated 

energy is maximized. These two criteria are considered in 

combination to achieve better results for turbine placement. 

 

3: Evaluation Metrics 

In this section, we will introduce the evaluation metrics used 

to assess the proposed model. The interference between 

turbines is considered as one of the evaluation criteria, 

which is defined as follows: 

 

 
 

The energy production criterion of the turbines is also 

calculated based on wind speed and the location of the 

turbines. The energy production criterion is defined as 

follows: 

 

 
 

4: Analysis and Evaluation of Results 
In this section, the results obtained from the implementation 

of the Grey Wolf Optimization (GWO) algorithm for the 

optimal placement of wind turbines are analyzed. This 

analysis includes evaluating the performance of the 

algorithm in optimizing turbine positions in order to 

maximize energy production and reduce interference 

between turbines. 

As stated in the proposed method chapter, the first step is to 

simulate the environment for placing the turbines. The 

location environment is considered as a rectangular area 

with dimensions of 60 × 20 units. The number of wind 

turbines is set to 10. Moreover, the initial positions of the 

turbines are arranged in such a way that they uniformly 

cover the entire designated area. These positions are 

considered as the starting points for the optimization 

algorithm so that the algorithm can begin the optimization 

process from an appropriate initial point. 

 

Figure 1 shows the initial placement environment. 
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Fig 1: Initial location environment 

 

In general, Table 1 shows the turbine coordinates before optimization. 

Table 1: Turbine coordinates before optimization 
 

Turbine number X-coordinates Y-coordinate 

1 10 10 

2 20 10 

3 30 10 

4 40 10 

5 50 10 

6 10 20 

7 20 20 

8 30 20 

9 40 20 

10 50 20 

 

As mentioned earlier, in order to find the optimal positions 

of the turbines based on the stated conditions, the Grey Wolf 

Optimization algorithm was used with the specifications 

provided in Table 2. 
 

Table 2: Specifications of the Gray Wolf Optimization Algorithm 

 
Parameter Amount 

Initial population 100 

Maximum repetitions 70 

Number of turbines 10 

Air density (ρ)  kg/m3 

Sweeped area (A) square meters 

Objective function Minimum interference and maximum energy 

Stop condition Reaching maximum repetitions (70 repetitions) 

 

By executing the Grey Wolf Optimization algorithm, the 

positions of the turbines were improved throughout the 

algorithm iterations. Table 2 shows the optimal coordinates 

of the wind turbines after running the Grey Wolf 

Optimization algorithm. Furthermore, Figure 2 illustrates 

the optimal positions obtained by the Grey Wolf 

Optimization algorithm. 
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Table 3: Optimal coordinates of wind turbines 
 

Turbine number X-coordinates Y-coordinate 

1 0.00192344400 2.29285776 

2 0.00000000 14.3952950 

3 10.3456757 4.70663674 

4 10.4582618 15.9089408 

5 23.8039881 1.69307193 

6 21.4635304 11.8919533 

7 34.7454280 0.00000398318687 

8 33.9225680 11.7608176 

9 45.6939034 0.00000000 

10 46.2270981 12.5487828 

 

 
 

Fig 2: Optimal positions found by the Gray Wolf algorithm 

 

After finding the optimal positions of the turbines, the evaluation criteria, including total produced energy and inter-turbine 

interference, were calculated in each iteration, and the results were analyzed as follows: 

 

Amount of Produced Energy 
In each iteration, the total produced energy of the turbines was calculated, and its variations over time were recorded. The 

graph in Figure 5-3 shows the changes in produced energy over the algorithm’s iterations. The horizontal axis of Figure 3 

represents the number of iterations, and the vertical axis indicates the amount of produced energy. 

 

 
 

Fig 3: Changes in energy production during algorithm iterations 
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Fig 4: Total energy production for all turbines 
 

Figure 3 shows that with the increase in the number of 

algorithm iterations, the amount of energy produced by the 

turbines gradually increases. This increase indicates an 

improvement in the positions of the turbines and their 

optimization throughout the algorithm’s execution. This 

upward trend in produced energy confirms that the Grey 

Wolf Optimization algorithm is capable of effectively 

finding suitable positions for the turbines, resulting in the 

maximum possible energy production. As observed, with 

more iterations, the produced energy becomes more optimal, 

and the algorithm gradually moves toward the maximum 

energy output. 

 

Interference between Turbines 
Interference between turbines is considered a negative 

criterion, and the goal of the algorithm has been to reduce 

this interference. The graph in Figure 5 illustrates the 

changes in turbine interference throughout the algorithm’s 

iterations. 

 

 
 

Fig 5: Diagram of changes in interference between turbines during algorithm iterations. 
 

Figure 5 shows that the amount of interference between the 

turbines continuously decreases during the execution of the 

algorithm. This decrease indicates an improvement in the 

positions of the turbines in such a way that the interference 

between them is minimized. Reducing interference between 

turbines is highly important because lower interference 

means higher efficiency and more optimal performance of 

the turbines. 

Overall, the obtained results demonstrate the effective 

performance of the Grey Wolf Optimization algorithm in 

optimizing the placement of wind turbines. The algorithm 

has successfully achieved desirable results by reducing 

interference between the turbines and increasing the 

produced energy. These results indicate the algorithm's 

efficiency in solving the optimal placement problem of wind 

turbines. 

https://www.electricaltechjournal.com/


International Journal of Advances in Electrical Engineering  https://www.electricaltechjournal.com 

~ 6 ~ 

References 

1. Pookpunt S, Ongsakul W. Optimal placement of wind 

turbines within wind farm using binary particle swarm 

optimization with time-varying acceleration 

coefficients. Renewable Energy. 2013;55:266-276. 

2. Asaah P, Hao L, Ji J. Optimal placement of wind 

turbines in wind farm layout using particle swarm 

optimization. J Mod Power Syst Clean Energy. 

2021;9(2):367-375. 

3. Grady SA, Hussaini MY, Abdullah MM. Placement of 

wind turbines using genetic algorithms. Renewable 

Energy. 2005;30(2):259-270. 

4. Emami A, Noghreh P. New approach on optimization 

in placement of wind turbines within wind farm by 

genetic algorithms. Renewable Energy. 

2010;35(7):1559-1564. 

5. Emami A, Noghreh P. New approach on optimization 

in placement of wind turbines within wind farm by 

genetic algorithms. Renewable Energy. 

2010;35(7):1559-1564. 

6. Leenman T, Phillipson F. Optimal placing of wind 

turbines: modelling the uncertainty. J Clean Energy 

Technol. 2015;3(2):91-105. 

7. Biswas PP, Suganthan PN, Amaratunga GA. Optimal 

placement of wind turbines in a windfarm using L-

SHADE algorithm. In: 2017 IEEE Congress on 

Evolutionary Computation (CEC). IEEE; 2017. p. 83-8. 

8. Mokryani G, Siano P. Optimal wind turbines placement 

within a distribution market environment. Appl Soft 

Comput. 2013;13(10):4038-4046. 

9. Siano P, Rigatos G, Chen P. Strategic placement of 

wind turbines in smart grids. Int J Emerg Electr Power 

Syst. 2012;13(2). 

10. Mittal P, Kulkarni K, Mitra K. A novel hybrid 

optimization methodology to optimize the total number 

and placement of wind turbines. Renewable Energy. 

2016;86:133-147. 

11. Sood P, Winstead V, Steevens P. Optimal placement of 

wind turbines: a Monte Carlo approach with large 

historical data set. In: 2010 IEEE International 

Conference on Electro/Information Technology. IEEE; 

2010. p. 1-5. 

12. Sulake NR, Pranupa S, Sriram AT. A review of wind 

farm layout optimization techniques for optimal 

placement of wind turbines. Int J Renew Energy Res. 

2023;13(2):957-965. 

13. Spera DA. Wind turbine technology. 1994. 

14. Hau E, Renouard H. Wind turbines: fundamentals, 

technologies, application, economics. 2nd ed. Berlin: 

Springer; 2006. 

15. Larsson Å. The power qualities of wind turbines. 

Chalmers Tekniska Hogskola (Sweden); 2000. 

16. Tummala A, Velamati RK, Sinha DK, Indraja V, 

Krishna VH. A review on small scale wind turbines. 

Renew Sustain Energy Rev. 2016;56:1351-1371. 

17. Grady SA, Hussaini MY, Abdullah MM. Placement of 

wind turbines using genetic algorithms. Renewable 

Energy. 2005;30(2):259-270. 

18. Pookpunt S, Ongsakul W. Optimal placement of wind 

turbines within wind farm using binary particle swarm 

optimization with time-varying acceleration 

coefficients. Renewable Energy. 2013;55:266-276. 

19. Mosetti G, Poloni C, Diviacco B. Optimization of wind 

turbine positioning in large windfarms by means of a 

genetic algorithm. J Wind Eng Ind Aerodyn. 

1994;51(1):105-116. 

20. Mostafaeipour A, Arabi F, Qolipour M, Shamshirband 

S, Alavi O. Optimal location planning to install wind 

turbines for hydrogen production: a case study. Adv 

Energy Res. 2017;5(2):147. 

21. Sánchez-Lozano JM, García-Cascales MS, Lamata MT, 

Sierra C. Decision criteria for optimal location of wind 

farms. In: Exploring Innovative and Successful 

Applications of Soft Computing. IGI Global; 2014. p. 

199-215. 

22. Mirjalili S, Mirjalili SM, Lewis A. Grey wolf optimizer. 

Adv Eng Softw. 2014;69:46-61. 

23. Faris H, Aljarah I, Al-Betar MA, Mirjalili S. Grey wolf 

optimizer: a review of recent variants and applications. 

Neural Comput Appl. 2018;30:413-435. 

24. Asaah P, Hao L, Ji J. Optimal placement of wind 

turbines in wind farm layout using particle swarm 

optimization. J Mod Power Syst Clean Energy. 

2021;9(2):367-375. 

25. Ogunjuyigbe ASO, Ayodele TR, Bamgboje OD. 

Optimal placement of wind turbines within a wind farm 

considering multi-directional wind speed using two-

stage genetic algorithm. Front Energy. 2021;15:240-

255. 

26. Dhunny AZ, Allam Z, Lollchund MR, Dookhitram K, 

Rughooputh SDDV. A decentralized model of wind 

turbine optimization. Wind Eng. 2020;44(2):208-222. 

27. Zergane S, Smaili A, Masson C. Optimization of wind 

turbine placement in a wind farm using a new pseudo-

random number generation method. Renewable Energy. 

2018;125:166-171. 

28. Beşkirli M, Koç İ, Haklı H, Kodaz H. A new 

optimization algorithm for solving wind turbine 

placement problem: binary artificial algae algorithm. 

Renewable Energy. 2018;121:301-308. 

https://www.electricaltechjournal.com/

